
Avlation dsvulnpwmt is contingpnt upon the davelnpmsnt 

of adequate equipapsnt, both In aircraf t  and in facil i t leu.  

d e ~ l o p a s n t  of new airport8, of facilities, or a renovation 

of existing airport0 and facil i t ies.  Tbs prims reqplrelmnt 

of airport is an adequate landing s t r i p  which w i l l  brrsdla 

the maJority of aircraft.  Tbc crosswind sffact  of wind 

upon aircraf t  is a mjor  consideration. 
i 

PURPOSE - 

Frequncy distributions of crossvlnd wmponenta to a nmvsy 

U8- computed by using tbs iadiVIdual vind 0b68XVationee 

It vaa the purpose of this project to lavestlgate tbe, .* use -.. of 

s\mmuv cards of viad distributions t o  produce a frequency die- 

tribution of croinlad8. To accomplish the obJectivs of the 

investigation, ice., to dsteFmiae tho fessibi l i ty  of ulng SMAR 

Sunnnariee or Summe;ry Cards to  produce crosevlad components, it 

was necessary to  compute the crosawlnd components from Individual 

observations sad then from s v  cards. The folbwing sectlane 

describe the procedures follovad In t h i r  invdstigation. 



Them a n  at bast three po88ible wsys t o  w e  th. 8)1CAR 

- y o  Th89 ~t be CO-d t0 th0 c o m s p ~ h t ~  o f  Cr068- 

w i n d 8  from the individual w l n d  observatlo~e. A8 rm Uu8tratio&, 

QU-t point, R. I., S.M.A.R. (SUWLUWY or ~ ~ ~ t h l y  ~~r~iogicrl 

Records) No. 14788, Msr. 1945-Dec. 1952 is used. -re are two 

Runways: l60-340, a d  050-2300 Table 2 IS a COPY of t b  S.H.A.R. 

Tabul.atIon, Page 1, Frequency of Wind Speed G r o u p   note). In 

Table 3, these frequencies have been reduced t o  percentage 

~ ~ n c i e r ,  wudly termed percentages. 

C h a r t  1 rhous the crosswind components computed from the in- 

dividual vind observations. 

ChaFt 2 skwr  tbs crosswind components o b w d  througb procedure8 
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Cbart 3 shuw tbs crosrnrlad compo~enta calculated by desk 

cdculstor. Tba a ~ s ~ t i a  i r  a that t b  wight  

or tbe class lntsrval i s  at the center o f  the intarval. 
* - I  

Trigano~lbtric slm f'unctio4s tm tben applSed aad claee 

intanrrlr oi t t n  kpots ere ~r tabl i shed  for  tbe cross- 

rindr. 

C h a r t  4 show t b  crossviad components for Rumay 16-34 calculated 

graphically by plotting the data on a base plate E I r c u ~ s r  

c o n t w n c y  w i n d  rossJ as s m  in ~ V A W  50-1~-518. 

Runway 16-34 was then nmrksd on the base plate. A pair 



Appendices 1, 2, 3 end 4 glve tbe procedures for collpnrhtior, of 
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Appendix 1 

Iktermination of Crosswind Colnponents from the Individual W i n d e  

or tba station -cord. 

!b rurnray la 34. 

Tbe windtr srs givbn in 16 point8 of the contpass or iEI 

degzwa fram north. 

Tbe diiference in anglue between the runway end each wind 

direction i e  &turnbad. 

The sine of t h l e  an@ is determined. 

Tbe product of the wind aped  and the sine of the angular 

difference is the crossulnd component. 

C l a s s  intervals are established preferably -05.0 t o  + 04.9 

mph. (or Imotr) and then ten mgh. on either side of t h i r ,  

interval. 

Esch crossvind component 18 t b n  distributed awng t b  claw 

intervals. 

Calms a ~ b  distributed to  tbe cuntrrl class interval shcrvrm in 
:-* 1 

(6) 8bovb. 

Fig. 1 rhovr thb rrprerentstion of ow crlculation. 

llsbls 1 rhovr the percentage frequency ead the cumulated 

perceatslpb freqwmcy distribution of them computed cross- 

winds*  



or 24, (2 x 20) or 40, (2 x 30) or 60, (2 x 40) or 80 )mok am 

prepsrsd and a line 18 marked leagtbPriw &un the contar. lbrr 
, 

~ c d s  of t b  aC~tp,b strips aPd t b  b~ a* ~t k thd - 0  

BY c ~ e c p n t l y  g~.cirrg as. striw on tbr bmo *ti1 (oenotrr 

Une a the in qurrtion), tb c k s r  at tbo ex- 

cessive crorsvbd8 u, tbom outrib (not mdmr) tb attips.  

Tho- frequancier to tb right of ths strip vlll ba caoll&red 

as positive crosm3Dd.8; t ibee to thb hft M negative. !bme 

can be also idsnt l fbd by tlbs m c t i m  fm m c h  tbsy qe 



I 

each r t r ip ,  appropriab manipulsticm w i l l  produce the crormrbdn , 
I - 
I in each class intend.  Such r~anipulation is now explained. 

1 For emmph, tba t o  thb r ight  of the 3-7 intamall l.eO0 

the 14 s t r i p  v i l l  cantsin all croeswinds p a t e r  tban 7 knob. 

Tbese include thoes under t he  otber strlpa. A U  of thb 

w i ~ d r r  t o  the ri@t of the 8-12 interval, i.e., the s t r i p  marked 

24 w i l l  include the re- str ips.  Therefore, subtrsction 

of those crosswinds outside of tbb 24-strip frcxn those outside 

of the l b s t r i p  w i l l  give the! positive crowwinds which are 

greater thau 7 but b a r  the31 12. The percentage f raquhncy 

occurrence in each interval may then be dstunnlned, cumulated 

from negative t o  positive values and the accumulation in each 

interval plotted on arithmetic probability paper. Intarpolation 

of tbe occurrence of say class interval value crosswind can then 

k & t e W d .  Too, c o m b i n a t i ~  w bs a. For e m l e ,  tba 

negative cros- (from the lef t  of tbe rummy) can be ddbd to 

tba positive crosswinds (from tbs r igh t  of the ruauay) t o  @ve 

the percentage occurrence of crosmind.6 without r e w d  to mtbr 
:*.- 1 . ' 

they - coming from cw hit or  the ri@t of tb m a y .  

I 

l 
percentage occurrence of crormrlxub greater thcun 7 knots. Fig. 4 

1 
I 
1 shows a 24-strip and tbs percentagp occurrence of crosswinds mater 
t 

I * 
I .  

1 .  
than 12 h o b .  Fig. 5 shows a ebmltaneoue p m m s n t  o f  the two 

. i '-, % - acetate stripe. Tbe area covered by only tbe 24-strip w i l l  give 

tbb occurrence of crosswind8 between 7 and 12 knots. This Is also 
' 4  



of 12 knob and tho- in excera of 7 hob. 

percentage frequency distribution for the croeswlnde tSlur 



Computation of CrossviPd Components From Wind Summaries in the 

SeMoAeRe Tabulatione for  Quonset Point by Desk Calculator. 

1. &re, Table 2, used in Appendix 2, is used again. 

2. A table is se t  up, containing tbe e l m  of the an- of the 

difference between the runray and the point of the compsss. 

Such a tsble is Table 5 which contains these valuea in 

C 0 l ~  A. 

3. In the above tablu set up, intemsl for  I n t e r n  with Table 

2 but c~ntainiag the w t u d 6  of tb cr~sevind, thd C~OSU-  

. wlnd 18 obtained by d t i p l y l l l g  the @in. of the a& 

J ( C O ~ U U D  B, 5) by tbc or the or tb 

respective char interval. Thir compbtar Table 5. 

4. b c h  of the crossviad component# i r  then distributed in a 

fraq,cy distribution of tnn hot class intervals beginning 

st -95.0 to 85.1 and aecendiq irr order, -85.0-75.&, 1 -75.0- 

65.1, etc. number of colnpollsnk i r  obtained ~ K I ~ P  tbe 

respsctiva graup of 'hble 2. Tbs dir t r ibubd freqyenchs 

Tab14 6 ahwe the percentage frequency and the cumulated 

paran- freqyency of the cr~sswIPdb computed in mmnnr. 

It is from this table that Chsrt 3 hss been constructad. 



Calculation af CrorswiPd C w o k  at Quo~laet Point, Rhode 

Island, for Ruuwuy 34 by Oraphlcrl tbtho&. 

3- The frequencies in each rector area are conaidered to be 

collected at the center of each rector area. 
4 

distance running from th center o f  r metor to  the nunray. 

!Rm magnitu&e of thlr croreviOd camgownt is dirtributad to 

higbest vrrlurrs is mede; negstive value8 are corurldemd to 

be less than positive values 8lthou@ the magnitudes  lay not 

be necessarily smaller. For exmpIs, a crosswlnd of -40 is 

less thsrm -30 bare, altbugh when magnitudes are considered, 

40 is certainly larger than 30. If percentage frequencies 

have been used thmu@mut tbe problem these cumulative per- 



can- frequhncler mpay be plotted immdiately on arithmetic 

probability paper. Thbn occurrence of any poaitiw or 

negative crosswind may be interpolatud. Suuxmtion of tbe 

v i t u d a s  of inturpolerkd crosewinda may be mulrr If 

d l ~ c t i ~  1s of importan-. If ~ 1 0 r  reduction to 

percentage f'requbncies have been a, the crmarZstive 

frequencies lrray be converted to percentags freqyenciee and 

tbe latter values may then be plotted. 

effected by dividing tbs cumulation by 

example, Tab* 7 has been developed by 

T b  cumulabd values bave been used to 

This converrricm is 

the total. For 

the above procedures. , 

c ~ t r u c t  Chart 4. 



It w i l l  be noted from an examination of Charts 1, 2, 3 and 

4 that any one of tbe three graphicsl or pseudo-graphical mtbd8 

provides a cloee e s t a t e  of tb8 crossvhd values colnputed tram 

approximrtely 70,000 individual valuer. As 6x1 eyrmnJ-8, cboom 

several percentage points. 

four result8 ir 3 knots at any one proratage point. Too, tb 

maximum difference between the fint sad m y  of the r8-w 

three is only tvo ]mob. 

of the t inm croaswipds occur within thla ranga. Tbb percentagls 

r m  chart 4 is 98.546 - 1.2 = 97.s. Ths maximum difference i r  

about 2%. This is believed to be a typical exaplpLb of the result. 



of tbh four procedursr. 

The conclusion is that estimates of tbe frequsncy distribution 

of crooawind components to any particular airport  runway can be 

obtained by use of wind sunmvrries or  wind sunmwry cards. These 

estimstes are comparable t o  those obtained by use of the individual 

observations of tbe wind. Tbe cost i s  considerably leas. For 

example, the cost to  produce the crosswind components for  two run- 

vaye, 70,000 observstions, by use of machine methods v i u  be 

$600.00 per stat ion for  two runvays. This cost is reduced by a 

! . ' 

k ;  
factor of 5 if mphica l  procedures which u t i l i ze  wind sumaries 

are-used. The cost is reduced by a factor of at  leas t  20 if 

8- cards and electronic computing ~lachiaes are wed. 
i 
I 

, 







W A R  (REV) 1 

Table 3 

CHIEF OF NAVAL OPERATIONS 
t AEROLOGY BRANCH 

SUMMARY OF MONTHLY AEROLOGICAL RECORDS 
PAGE 1 

MONTH 

IUDRSET POIW. R. I. 9.U h1/35~ 7 1 / 2 ~  l4u 1945 lhru Dec 1952 
STATION ELEVATION LATITUDE LONGITUDE PERIOD OF RECORD 

$ FREQUENCY OF WIND SPEED GROUPS (KNOTS) I FREQUENCY OF TOTAL CLOUD AMOUNTS IN TENTHS 

I 2 3 4 5 o 7 e e 

Iw.n61 i I I 1 I I I 1 I I 1 TOTAL 
1 l o 0 0  1 1 % OF 101 
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Table 5 

CHIEF OF NAVAL OPERATIONS 
AEROLOGY BRANCH 

SUMMARY OF MONTHLY AEROLOGiCAL RECORDS 
PAGE 1 

MONTH 

mRSm m, R. I. L 

STATION ELEVATION LATITUDE LONGITUDE PERIOD OF RECORD 

A 1) 

a0 sin a 
20 .3m 
b . 5  .6756 
65.0 -9063 
87.5 -9990 

1.10.0 .9336 
132.5 ~7373 
155.0 .1067 
177.5 .OW 
200.0 -.3bM 
222.5 -.6756 
265.0 -.9063 
267.5 -.999O 
290.0 -a9336 
3 2 . 5  -.7373 
335.0 -a5067 
357.5 - . O W  
000 .o 

0- Direction of Ruuva~ rinw Direction of W M .  
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Component Wind Along Runwoy ---------t 

I 

J 
Runwoy r 340' 

wind =0225a and 20  k n d s  

d =042.5* 

Sin d, : 0.676 

Qocruind . ( s i n d ) ( 2 0  knots) 

1 (4676)(20 knob) 

n 13.52 knots 

fig. 4. Computation of a Crosswind 
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Fig. 2 
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Fig. 4 
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Fig. 5 




















